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SHUVRQVLQWKHKRXVHDZDUHRIWKHLUHQHUJ\XVDJHVRWKDWWKH\DUHHQFRXUDJHGWRFKDQJHWKHLUEHKDYLRXURUWKHLUKRXVH
LQWRDPRUHVXVWDLQDEOHVLWXDWLRQ
$ FKDOOHQJH KHUH LV WR JLYH WKH VPDUW WKHUPRVWDW WKH LQWHOOLJHQFH QHHGHG WR DQDO\]H ZKDW DUH WKH HQHUJHWLF
FKDUDFWHULVWLFVRIWKHKRXVH7KLVFRXOGSURYLGHWKHEDVLVIRUFRPSDULVRQVZLWKRWKHUXVHUVDQGWDLORUHGDGYLFHVDERXW
PHDVXUHVWRUHGXFHHQHUJ\XVDJH7RDFKLHYHWKLVERWKPRQLWRULQJGHYLFHVDQGDQDO\VLVPHWKRGVIRULQWHUSUHWLQJWKH
GDWDDUHXVHG7KHZRUNGHVFULEHGLQWKLVSDSHUXVHVWKHGDWDRIJDVFRQVXPSWLRQXVHGIRUKHDWLQJDQGWKHLQGRRUDQG
RXWGRRUWHPSHUDWXUHVRYHUWLPHWRGHULYHWKHHQHUJHWLFFKDUDFWHULVWLFVRIWKHKRXVH$SDUWLFXODUDGGLWLRQDOFKDOOHQJH
LVWKDWRIWHQVHQVRUGDWDGRQRWSURYLGHFRPSOHWHWLPHVHULHV)URPWLPHWRWLPHGDWDPD\EHPLVVLQJ7RDQDO\VHWKH
KHDWLQJFKDUDFWHULVWLFVRIDKRXVHRIWHQVRFDOOHGKHDWLQJGHJUHHGD\PHWKRGVDUHXVHGHJ>±@7KHVHPHWKRGV
DOORZWRHVWLPDWHKRZWKHKHDWLQJGHPDQGRIDKRXVHUHODWHWRGLIIHUHQFHVEHWZHHQLQGRRUDQGRXWGRRUWHPSHUDWXUHV
7DNLQJVXFKKHDWLQJGHJUHHGD\DQGRWKHULQIRUPDWLRQLQWKLVSDSHUWZRPHWKRGVDUHGLVFXVVHGWKDWHQDEOHWKH
VPDUWWKHUPRVWDWWRHVWLPDWHFKDUDFWHULVWLFVRIWKHKRXVHVXFKDVKHDWORVVUDWHDQGKHDWFDSDFLW\VRWKDWKRPHRZQHUV
FDQSRVVLEO\EHPDGHDZDUHWKDWWKHUHLVURRPIRULPSURYHPHQWLQLQVXODWLRQRIWKHKRXVH7KHSURSRVHGPHWKRGVDUH
DOVRDEOHWRKDQGOHVHQVRUGDWDZLWKFHUWDLQH[WHQWVRILPSHUIHFWLRQFRQFHUQLQJWKHLUFRPSOHWHQHVV
,QWKHSDSHULQ6HFWLRQVRPHEDFNJURXQGWKHRU\DERXWJDVEDVHGKHDWLQJLVGLVFXVVHG,Q6HFWLRQWKHDYDLODEOH
GDWDVHW LV GHVFULEHG 6HFWLRQ  GHVFULEHV KRZ WKH DGDSWLYHPHWKRGV KDYH EHHQ DSSOLHG WR WKH GDWDVHW DQGZKLFK
RXWFRPHVZHUHDFKLHYHG)LQDOO\6HFWLRQLVDGLVFXVVLRQ
7KHRUHWLFDOEDVLV
7KLV VHFWLRQ GLVFXVVHV WKH WKHRUHWLFDO EDFNJURXQG FRQFHUQLQJ JDVEDVHG KHDWLQJ DQG WKH UHODWLRQ WR RXWGRRU
WHPSHUDWXUHDQGFHQWUDOFRQFHSWVFKDUDFWHUL]LQJDKRXVHVXFKDVKHDWORVVUDWHİGHSHQGLQJRQLQVXODWLRQOHYHORIWKH
KRXVHDQGKHDWFDSDFLW\&RIWKHKRXVHGHSHQGLQJRQYROXPHRIWKHKRXVH
2.1. Central concepts 
7KH HQHUJ\ ORVV RI D KRXVH SHU WLPH XQLW ZLWK LQGRRU WHPSHUDWXUH 7LG DQG ORZHU RXWGRRU WHPSHUDWXUH 7RG LV
SURSRUWLRQDOWRWKHWHPSHUDWXUHGLIIHUHQFHEHWZHHQLQGRRUDQGRXWGRRUWHPSHUDWXUHV7KHSURSRUWLRQIDFWRUİLVWKH
ORVVUDWH

݁݊݁ݎ݃ݕ݈݋ݏݏ݌݁ݎݐ݅݉݁ݑ݊݅ݐ ൌ ߝሺ ௜ܶௗ െ ௢ܶௗሻ 

7KLVORVVUDWHGHSHQGVRQLQVXODWLRQOHYHORIWKHDUHDRIWKHKRXVHLQFRQWDFWZLWKWKHRXWVLGHWKHZDOOVZLQGRZV
IORRUDQGURRI
$QRWKHU FHQWUDO FRQFHSW LV WKH KHDW FDSDFLW\ RI D KRXVH7KH DPRXQW RI HQHUJ\QHHGHG WR LQFUHDVH WKH LQGRRU
WHPSHUDWXUH LV SURSRUWLRQDO ZLWK WKH GLIIHUHQFH ǻ7LG LQ LQGRRU WHPSHUDWXUH 7KH SURSRUWLRQ IDFWRU & LV WKH KHDW
FDSDFLW\

݁݊݁ݎ݃ݕ݊݁݁݀݁݀݂݋ݎ݅݊ܿݎ݁ܽݏ݁ ൌ ܥο ௜ܶௗ 

7KHKHDWLQJFDSDFLW\RIDKRXVH&GHSHQGVRQWKHYROXPHFRQWHQWRIWKHKRXVH1RWHWKDWGXULQJDWLPHLQWHUYDO
RIWHPSHUDWXUHLQFUHDVHVWLOOHQHUJ\ORVVWDNHVSODFHDVZHOO0RUHVSHFLILFDOO\WKHUHDUHWKUHHW\SHVRIVLWXDWLRQV

x ,QGRRUWHPSHUDWXUHLQFUHDVHLQSHULRGVRILQFUHDVHRILQGRRUWHPSHUDWXUHERWKW\SHVRIHQHUJ\GHVFULEHGE\
DQGKDYHWREHDGGHGWRHDFKRWKHUWRJHWWKHWRWDODPRXQWRIHQHUJ\VSHQW
x 0DLQWDLQLQJFRQVWDQWLQGRRUWHPSHUDWXUHZKHQKHDWLQJWDNHVSODFHMXVWWRPDLQWDLQDJLYHQLQGRRUWHPSHUDWXUH
RQO\WKHHQHUJ\ORVVLVFRPSHQVDWHGE\WKHKHDWLQJ7KHDPRXQWRIHQHUJ\QHHGHGIRUWKLVLVGHVFULEHGE\
x 1DWXUDOFRROLQJGRZQZLWKRXWKHDWLQJZKHQQRKHDWLQJWDNHVSODFHWKHKRXVHIROORZVDQDWXUDOFRROLQJGRZQ
SURFHVV'XULQJVXFKD WLPH LQWHUYDO WKHHQHUJ\ORVVSHUWLPHXQLWGHVFULEHGE\ OHDGVWRD WHPSHUDWXUH
GHFUHDVHSHUWLPHXQLWGHVFULEHGE\

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
6RLQDFRROLQJGRZQSURFHVVWKHVSHHGRILQGRRUWHPSHUDWXUHGHFUHDVHLVSURSRUWLRQDOWRWKHGLIIHUHQFHEHWZHHQ
LQGRRUDQGRXWGRRUWHPSHUDWXUH7KLVSURSRUWLRQIDFWRUİ&LVFDOOHGWKHFRROLQJGRZQUDWHLQGLFDWHGE\ȝ
7KHFRQFHSWVGLVFXVVHGDERYHFDQEHDSSOLHGIRUVSHFLILFWLPHLQVWDQWVRUYHU\VKRUWWLPHGXUDWLRQVEXWWKH\FDQ
DOVREHXVHGIRUORQJHUWLPHSHULRGVVXFKDVKRXUVGD\VPRQWKVVHDVRQVRU\HDUV,QWKHODWWHUFDVHWKHIRUPXODH
DQGFDQVWLOOEHDSSOLHGEXWVRPHIRUPRIVXPPDWLRQRULQWHJUDWLRQRYHUWLPHLVQHHGHG7KLVKDVEHHQGRQHLQ
WKHWZRDSSURDFKHVWKDWKDYHEHHQGHYHORSHG7KHWZRSURSRVHGDSSURDFKHVSXWGLIIHUHQWUHTXLUHPHQWVRQWKHGDWDWR
ZKLFKWKH\FDQEHDSSOLHG
2.2. First Approach 
7KH ILUVW DSSURDFK LV EDVHG RQ D FDOFXOXV RIZKDW LV FDOOHG KHDWLQJ GHJUHH GD\V'HJUHH GD\V EDVHG HQHUJ\
FRQVXPSWLRQDQDO\VLVLVDZHOONQRZQDSSURDFKWRTXDQWLI\WKHUHODWLRQEHWZHHQHQHUJ\XVDJHDQGRXWGRRUDQGLQGRRU
WHPSHUDWXUHVHJ>±@7KURXJKWKLVLWLVSRVVLEOHWRDSSUR[LPDWHHQHUJ\FRQVXPSWLRQDQGHQHUJ\SHUIRUPDQFHRI
DEXLOGLQJEDVHGRQKLVWRULFDOGDWDDQGWKDWFDQEHXVHGWRHVWLPDWHWKHHQHUJ\ORVVSHUGHJUHHSHUGD\N:K&GD\
,QWKLVDSSURDFKRQO\WKHHQHUJ\ZKLFKQHHGHGWRFRPSHQVDWHIRUWKHHQHUJ\ORVVRIWKHKRXVHLVFRXQWHG7KHUHIRUH
DERYHDSSOLHVEXWVWLOODQLQWHJUDWLRQSURFHVVRYHUDORQJHUWLPHSHULRGKDVWREHDSSOLHGWRLW6LQFHERWKLQGRRU
DQGRXWGRRUWHPSHUDWXUHVDUHYDU\LQJDVSHFLILFDGDSWHGGHILQLWLRQRIDQXPEHURIGHJUHHGD\VGGGXULQJDKRXU
SHULRGFDQEHH[SUHVVHGPDWKHPDWLFDOO\LQWKHIROORZLQJPDQQHU

݀݀ ൌ ׬ ൫ ௜ܶ௡ሺݐሻ െ ௢ܶௗሺݐሻ൯݀ݐǡ ݓ݄݁݊ ௜ܶ௡ሺݐሻ ൐ ௢ܶௗሺݐሻ
ଶସ௛௥௦
଴ ݂݋ݎ݈݈ܽݐ 

+HUH7LQWDQG7RXWWDUHLQGRRUDQGRXWGRRUWHPSHUDWXUHVDVIXQFWLRQRIWLPHW,QWKLVDSSURDFKWKHTXDOLW\RI
FDOFXODWLQJ GHJUHHGD\ YDOXH GHSHQGV RQ WKH TXDOLW\ RI LQGRRU DQG RXWGRRU DLU WHPSHUDWXUH YDOXHV ,Q SUDFWLFDO
DSSOLFDWLRQVWKLVHTXDWLRQFDQEHWUDQVIRUPHGLQWRDPRUHGLVFUHWHYHUVLRQDV

݀݀ ൌ σ ൫ ௜ܶ௡ሺݐሻ െ ௢ܶௗሺݐሻ൯௧אଶସ௛௥௦௔௡ௗο௧௜௡௧௘௥௩௔௟௦  

7KHVPDOOHUWKHǻWYDOXHVWKHKLJKHUWKHDFFXUDF\LQRXUH[SHULPHQWVǻWZDVWDNHQDVRQHKRXU:KHQHQHUJ\
XVDJHGDWDIRUKHDWLQJDUHDYDLODEOHEDVHGRQDERYHWKHUHODWLRQEHWZHHQKHDWLQJHQHUJ\XVDJHDQGWKHQXPEHURI
GHJUHHGD\VFDQEHPDWKHPDWLFDOO\H[SUHVVHGDV

݁݊݁ݎ݃ݕݑݏܽ݃݁ ൌ ߝ݀݀ 

+HUHİLVWKHHQHUJ\ORVVUDWHWKDWJLYHVDJRRGLQGLFDWLRQDERXWTXDOLW\RILQVXODWLRQRIDKRXVH:KHQİKDVDORZ
YDOXHWKDWKRXVHKDVJRRGLQVXODWLRQEXWKLJKYDOXHVLQGLFDWHEDGLQVXODWLRQ7KLVFDQEHXVHGDVDQLQGLFDWLRQWRWDNH
LQLWLDWLYHWRHQKDQFHWKHDZDUHQHVVRIKRXVHKROGHUVWRWDNHQHFHVVDU\DFWLRQV
2.3. Second Approach 
,QWKHVHFRQGDSSURDFKWKHIRFXVLVQRWRQO\RQWKHHQHUJ\ORVVRYHUKRXUSHULRGVEXWDOVRPRUHLQSDUWLFXODU
RQDQDO\VLQJWKHVKRUWHUWLPHSHULRGVLQZKLFKWKHLQGRRUWHPSHUDWXUHKDVDGRZQZDUGRUXSZDUGWUHQG)RUH[DPSOH
LQWKHPRUQLQJPDQ\KRXVHVDUHKHDWHGIURPDORZHUQLJKWLQGRRUWHPSHUDWXUHWRWKHKLJKHUGD\LQGRRUWHPSHUDWXUH
7KLVDSSURDFKHQDEOHVWRHVWLPDWHQRWRQO\WKHORVVUDWHİEXWDOVRWKHFDSDFLW\&DQGWKHFRROLQJGRZQUDWHȝ)RU
FRROLQJGRZQSHULRGVZKHQQRKHDWLQJHQHUJ\LVJLYHQWRWKHKRXVHE\LQWHJUDWLRQRIWKHHTXDWLRQDQGFDQ
EHREWDLQHG)XUWKHUPRUHE\FRPELQLQJDQGZHJHW

݁݊݁ݎ݃ݕ݈݋ݏݏ ൌ ܥο ௜ܶ௡ 
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
$VPHQWLRQHGİ&LVWKHFRROLQJUDWLRȝDQGVKRZVWKHUDWHRUVSHHGRIGHFUHDVLQJWKHLQGRRUWHPSHUDWXUHRID
KRXVHZKHQQRKHDWLQJHQHUJ\ LVSURYLGHG2QWKHRWKHUKDQGIRU WKHSHULRGVRI WLPH LQZKLFKKHDWLQJHQHUJ\ LV
SURYLGHGWRLQFUHDVHWKHLQGRRUWHPSHUDWXUHE\LQWHJUDWLRQIURPDQGWKHIROORZLQJLVIRXQG
݁݊݁ݎ݃ݕ݀݁݉ܽ݊݀ ൌ ݁݊݁ݎ݃ݕ݂݋ݎ݉ܽ݅݊ݐܽ݊݅݊݃ܽݐ݁݉݌݁ݎܽݐݑݎ݁ ൅ ݁݊݁ݎ݃ݕ݂݋ݎ݅݊ܿݎ݁ܽݏ݅݊݃ݐ݁݉݌݁ݎܽݐݑݎ݁ ൌ ߳ ׬ሺ ௜ܶ௡ െ ௢ܶௗሻ݀ݐ ൅ ܥο ௜ܶ௡
,QWKHVHFRQGDSSURDFKHTXDWLRQVDQGDUHXVHGWRFDOFXODWHWKHFDSDFLW\&FRROLQJGRZQUDWHȝDQGORVV
UDWHİIRUDKRXVH7RGRWKLVIRXUPDLQVWHSVDUHXVHG

x 'DWDH[WUDFWLRQWRILQGWKHWLPHLQWHUYDOVLQZKLFKXSZDUGRUGRZQZDUGWUHQGVLQLQGRRUWHPSHUDWXUHRFFXU
x 'HWHUPLQLQJFRROLQJGRZQUDWHȝIRUWKHWLPHLQWHUYDOVLQZKLFKWKHKRXVHLVFRROLQJGRZQEDVHGRQHTXDWLRQ
7KLVDOVRSURYLGHVRQHUHODWLRQİ ȝ&EHWZHHQWKHFDSDFLW\&DQGORVVUDWHİ
x 'HWHUPLQLQJDQRWKHUUHODWLRQEHWZHHQWKHFDSDFLW\&DQGORVVUDWHİXVLQJWKHWLPHLQWHUYDOVLQZKLFKWKHLQGRRU
WHPSHUDWXUHPRQRWRQLFDOO\LQFUHDVHVEDVHGRQHTXDWLRQ
x 'HWHUPLQLQJWKHYDOXHVIRUWKHFDSDFLW\&DQGORVVUDWHİE\FRPELQLQJWKHWZRUHODWLRQVREWDLQHGLQDQG

'HWDLOVRIHDFKVWHSDUHGHVFULEHGEHORZ

x 'DWD([WUDFWLRQDQG&OHDQLQJ6LQFH WKLVDUWLFOH LVRQ WKH VSDFHKHDWLQJXVDJH WKH IRFXVZDVRQ WKHFROGHU
VHDVRQZKLFKIRUWKHDYDLODEOHGDWDVHWZDVOLPLWHGWRPRVWRIWKHGD\VLQ0DUFKDQGVRPHGD\VLQ$SULO$VD
ILUVWVWHSGDWDRIKRXUVZKLFKKDYHDOOUHTXLUHGLQIRUPDWLRQZHUHH[WUDFWHG7KHUHTXLUHGLQIRUPDWLRQIRUDQ
KRXUDUH*DVXVDJHLQWKDWKRXU,QGRRUWHPSHUDWXUHSHUPLQXWH2XWGRRUWHPSHUDWXUHIRUWKUHHWLPHSRLQWVDW
PLQXWHVDQG)RUWKHRXWGRRUWHPSHUDWXUHLQRWKHUPLQXWHVRIDQKRXUDOLQHDULQWHUSRODWLRQZDVXVHG
x &DOFXODWLQJWKHFRROLQJGRZQUDWHȝ7RGRWKLVIRUHDFKKRXVHWKHVHWRIFRQWLQXRXVKRXUVZLWKQRJDVXVDJH
DQGDGRZQZDUGWUHQGIRUWKHLQGRRUWHPSHUDWXUHDUHH[WUDFWHG$VPHQWLRQHGWRFDOFXODWHWKHFRROLQJGRZQ
UDWHLWLVQHFHVVDU\WRDQDO\VHWLPHLQWHUYDOVLQZKLFKQRKHDWLQJHQHUJ\LVSURYLGHGE\KHDWLQJV\VWHP7RJHW
ULGRIGHOD\VLQWKHKHDWLQJDQGPHWHULQJV\VWHPLWWDNHVVRPHWLPHDIWHUJDVXVDJHWRGHOLYHUWKHHQHUJ\WRWKH
KRXVHHQYLURQPHQWWKURXJKWKHKRWZDWHULQVLGHWKHUDGLDWRUVDQGWKHPHWHURQO\SURYLGHVGDWDSHUKRXUWKH
ILUVWKRXURIHDFKVHWRIFRQWLQXRXVKRXUVLVUHPRYHGDQGWKHFRROLQJGRZQUDWHȝLVGHWHUPLQHGDFFRUGLQJWR
HTXDWLRQ*LYHQWKHQXPEHURIWLPHLQWHUYDOVLQZKLFKFRROLQJGRZQWDNHVSODFHIRUHDFKKRXVHVHYHUDO
HVWLPDWHGYDOXHV IRU WKHFRROLQJGRZQ UDWHDUHFDOFXODWHG VRPHRIZKLFKDUHRXWOLHUV:KHQ IRU H[DPSOH
ZLQGRZVRUGRRUVDUHRSHQWKHHQHUJ\ORVVZLOO LQFUHDVHVLJQLILFDQWO\,QWKLVFRQGLWLRQGRHVQRWDSSO\
DQ\PRUHDQGWKHYDOXHRIWKHFDOFXODWHGUDWHZLOOEHPXFKKLJKHUWKDQWKHUHDORQH+RZHYHULWFDQVWLOOEH
XVHGDVDWHFKQLTXHLQVPDUWWKHUPRVWDWVWRDOHUWWKHUHVLGHQFHWKDWSUREDEO\DZLQGRZRUGRRULVUHPDLQHGRSHQ
IRUKRXUV6RWRUHPRYHWKHHIIHFWRIVXFKRXWOLHUVRQWKHUHVXOWWKHPHGLDQQRWDYHUDJHRIWKHVHYDOXHVDVWKH
FRROLQJGRZQUDWHRIWKHKRXVHLVXVHG
x &DOFXODWLQJORVVUDWHİDQGFDSDFLW\&7RGRWKLVWKHWLPHLQWHUYDOVDUHDGGUHVVHGLQZKLFKWKHKHDWLQJV\VWHP
LVDFWLYDWHGJDVXVDJH!VPDOOWKUHVKROGDQGWKHLQGRRUWHPSHUDWXUHKDVDQXSZDUGWUHQG$VWKHFDSDFLW\KDV
DQHIIHFWRQO\ZKHQWKHWHPSHUDWXUHLVFKDQJLQJQRWZKHQLWLVFRQVWDQWWKHIRFXVLVRQWKHWLPHLQWHUYDOVLQ
ZKLFKWKHLQGRRUWHPSHUDWXUHLVLQFUHDVLQJIURPZKHQLQGRRUWHPSHUDWXUHUHDFKHVLWVORFDOPLQLPXPWLOO
KRXUVDIWHUWKDW7KHDPRXQWRIHQHUJ\XVDJHLVFDOFXODWHGIURP6RE\FRPELQLQJWKHRXWFRPHVRI
DQGWKHFRROLQJGRZQUDWHȝWKHIROORZLQJLVREWDLQHG

ܥ ൌ ௘௡௘௥௚௬௨௦௔௚௘
ఓ ׬ሺ்೔೙ି்೚೏ሻௗ௧ାο்೔೙
 
 Wim van der Ham et al. /  Energy Procedia  95 ( 2016 )  467 – 474 471

2QDYHUDJHWKHHIILFLHQF\RIQDWXUDOJDVEDVHGKHDWLQJV\VWHPVLQ1RUWK:HVWHUQ(XURSHLVWDNHQDVN:KPñ
IRUH[DPSOH VHHDWZLNLSHGLDRUJZLNL$DUGJDV8VLQJ WKLV WKHHQHUJ\XVDJHEDVHGRQ WKHDPRXQWRIJDVXVHG LV
FDOFXODWHGE\$JDLQWKHPHGLDQRIWKHREWDLQHGFDSDFLWLHVDQGRIİLVFKRVHQ

ܥ ൌ ଻ൈ௚௔௦௨௦௔௚௘
ఓσሺ்೔೙ି்೚೏ሻο௧ାο்೔೙
 
'DWDVHW
7KHGDWDWKDWZDVXVHGWRYDOLGDWHWKHDERYHPHWKRGVZDVFROOHFWHGE\DVPDUWWKHUPRVWDWFRPSDQ\LQWKHSHULRG
VWDUWLQJIURPWKHWKRI0DUFKXQWLO WKHWKRI-XO\'XULQJ WKLVSHULRGGDWDZDVFROOHFWHGIURP
KRXVHKROGV WKDW KDYH D VPDUW WKHUPRVWDW 7RRQ LQVWDOOHG DW KRPH DQG DJUHHG WR EH SDUW RI WKLV GDWD FROOHFWLRQ
'HSHQGLQJRQWKHERLOHUW\SHDQGWKHVRIWZDUHLQVWDOOHGWKHQXPEHURIFROOHFWHGYDULDEOHVLVEHWZHHQDQG)RU
WKLVVWXG\RQO\WKHIROORZLQJYDULDEOHVDUHXVHGWKDWZHUHFROOHFWHGIURPWKHWKHUPRVWDW6HWSRLQWYDOXHRIWKHJRDO
WHPSHUDWXUHVHWLQWKHWKHUPRVWDW,QGRRUWHPSHUDWXUHDFWXDOLQGRRUWHPSHUDWXUHDVPHDVXUHGE\WKHWKHUPRVWDW*DV
XVHWRWDOJDVXVHG7KHVHWSRLQWDQGLQGRRUWHPSHUDWXUHKDYHDYDOXHIRUHYHU\PLQXWHLQGHJUHH&HOVLXV*DVXVHLV
LQOLWHUVPDQGKDVDYDOXHIRUHYHU\KRXU7KHRXWGRRUWHPSHUDWXUHLVPLVVLQJIURPWKLVGDWDEHFDXVHWKH
WKHUPRVWDWGRHVQRWGLUHFWO\PHDVXUHWKLVYDOXH7KHVHWHPSHUDWXUHVZHUHDFTXLUHGXVLQJWKH:HDWKHU8QGHUJURXQG
$3,DQGWKHSRVWDOFRGHRIWKHXVHUWRUHWULHYHWKHORFDWLRQ7KHGDWDVHWZDVXVHGLQDQDQRQ\PL]HGZD\7KHGDWDWKDW
ZDVFROOHFWHGIURPWKHWKHUPRVWDWZDVFRPELQHGZLWKJHQHUDOLQIRUPDWLRQWKDWLVNQRZQDERXWWKHFKDUDFWHULVWLFVRI
WKHKRXVHKROG7KHVHLQFOXGHWKHFRQVWUXFWLRQSHULRGRIWKHKRXVHGLYLGHGLQWKHIROORZLQJVL[JURXSVEHIRUH
EHWZHHQDQGEHWZHHQDQGEHWZHHQDQGEHWZHHQDQGDIWHU7KH
WRWDOIORRUDUHDLQVTXDUHPHWHUVRIWKHKRXVHLVUHSUHVHQWHGLQWKHIROORZLQJHLJKWJURXSVEHWZHHQDQGEHWZHHQ
DQGEHWZHHQDQGEHWZHHQDQGEHWZHHQDQGEHWZHHQDQGEHWZHHQ
DQGPRUHWKDQDOOLQVTXDUHPHWHUV7KHW\SHRIKRXVHKROGLVLQWKHGDWDVHWXVHGIRUWKLVUHVHDUFKRQHRIWKH
IROORZLQJDSDUWPHQWWHUUDFHGVHPLGHWDFKHGRUGHWDFKHG$QGWKHODVWFKDUDFWHULVWLFRIWKHKRXVHKROGLVWKHQXPEHU
RISHRSOHWKDWOLYHLQWKHKRXVHZKLFKFDQEHRQHWRIRXURUPRUHWKDQIRXU
([SHULPHQWDODQDO\VLV
,QWKLVVHFWLRQZHGHVFULEHKRZWKHPHWKRGVLQWURGXFHGLQ6HFWLRQDQGKDYHEHHQDSSOLHGWRWKHGDWDVHW
$SSURDFKEDVHGRQWKHGHJUHHGD\VGHSHQGVRQWKHLQWHJUDWLRQRIFRQVHFXWLYHGDWDSRLQWVIRUWKHLQGRRUDQGRXWGRRU
WHPSHUDWXUH$SSURDFKUHTXLUHVWKHLGHQWLILFDWLRQRIVSHFLILFLQWHUYDOVLQZKLFKKHDWLQJWDNHVSODFHDQGLQWHUYDOVLQ
ZKLFKQRKHDWLQJWDNHVSODFH
7KHPDLQUHVHDUFKTXHVWLRQLQWKLVSDSHULVZKHWKHUWKHKHDWLQJFKDUDFWHULVWLFVRIDKRXVHFDQEHHVWLPDWHGEDVHG
RQWHPSHUDWXUHDQGJDVXVDJHGDWDJLYHQDQLPSHUIHFWDQGLQFRPSOHWHGDWDVHW$QXPEHURIK\SRWKHVHVZHUHGHILQHG

x +\SRWKHVLVWKHFDOFXODWHGFDSDFLW\&RIDKRXVHLVSRVLWLYHO\FRUUHODWHGZLWKWKHVL]HRIDKRXVHDODUJHKRXVH
UHTXLUHVPRUHHQHUJ\WREHKHDWHG
x +\SRWKHVLVWKHFDOFXODWHGORVVUDWHİLVFRUUHODWHGZLWKLQVXODWLRQOHYHORIWKHKRXVH$VWKHGDWDVHWGRHVQRW
FRQWDLQVSHFLILFLQIRUPDWLRQDERXWWKLVZHRSHUDWLRQDOL]HWKLVK\SRWKHVLVLQWKHIROORZLQJZD\V
DWKHFDOFXODWHGORVVUDWHİLVFRUUHODWHGZLWKWKHEXLOGLQJ\HDURIWKHKRXVHWKHROGHUWKHKRXVHWKHKLJKHU
WKHORVVUDWH
EWKHFDOFXODWHGORVVUDWHİLVFRUUHODWHGZLWKWKHW\SHRIWKHKRXVHWKHPRUHGHWDFKHGDKRXVHWKHKLJKHUWKH
ORVVUDWH
x +\SRWKHVLVWKHFDOFXODWLRQVRIWKHORVVUDWHİYLDHDFKRIWKHDSSURDFKHVZLOOUHVXOWLQVLPLODUYDOXHV
x +\SRWKHVLV  DSSURDFK  ZLOO EH EHWWHU DSSOLFDEOH WR LQFRPSOHWH GDWD DV LW UHTXLUHV VPDOOHU LQWHUYDOV RI
FRQVHFXWLYHGDWD
,WWXUQHGRXWWKDWWKHGDWDVHWRILQGRRUWHPSHUDWXUHDQGJDVXVDJHRIKRXVHKROGVKDGDORWRIPLVVLQJYDOXHV)RU
DSSURDFKRQO\GD\VZHUHLGHQWLILHGLQZKLFKWKHUHZHUHVXIILFLHQWFRQVHFXWLYHGDWDSRLQWVWRFDOFXODWHDGHJUHH
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GD\YDOXH7KHVHGD\VEHORQJHGWRKRXVHKROGVUHVXOWLQJLQWLOOXVDEOHGD\VIRUHDFKRIWKHKRXVHKROGV
7DEOHVKRZVWKHUHVXOWLQJORVVUDWHFDOFXODWLRQVIRU$SSURDFK

7DEOH5HVXOWVDSSURDFK 7DEOH1XPEHURILQWHUYDOVXVHGLQDSSURDFK
+RXVH ORVVUDWHİ %XLOGLQJ\HDU 7\SH 6L]HFDWHJRU\P
  B 6(0,B'(7 B
  B 6(0,B'(7 B
  B '(7$&+(' B
  $IWHU 7(55$&(' B
  B 7(55$&(' B
  %HIRUH 7(55$&(' B
  $IWHU 7(55$&(' B
  %HIRUH $3$570 B
  B 7(55$&(' B
  B 7(55$&(' B
  B 6(0,B'(7 B
  B 7(55$&(' B

$SSO\LQJ DSSURDFK  UHVXOWHG LQ  XVDEOH LQWHUYDOV EHORQJLQJ WR  GLIIHUHQW KRXVHKROGV 7KH QXPEHU RI
UHVSHFWLYHFRROLQJDQGKHDWLQJLQWHUYDOVDUHVKRZQLQ7DEOH7KHRXWFRPHVRIDSSURDFKDUHOLVWHGLQ7DEOH

7DEOH5HVXOWVDSSURDFK 7DEOH$YHUDJHORVVUDWHIRUDSSURDFKSHUW\SHRIDSDUWPHQW
7\SH $YHUDJHİ 1XPEHU
$3$570(17  
7(55$ ('  
6(0,B'(7$&+('  
'(7$&+('  






4.1. Relation between capacity and size of the house 
7KHVL]HRIWKHKRXVHVLQWKHGDWDVHWLVUHSUHVHQWHGE\IRXUFDWHJRULHV2QO\DSSURDFKUHVXOWVLQHVWLPDWHRIWKH
FDSDFLW\)LJVKRZVWKHFRUUHODWLRQEHWZHHQWKHFDSDFLW\DQGWKHVL]HRIWKHKRXVHKROGV
 
+RXVH FRROLQJLQWHUYDOV KHDWLQJLQWHUYDOV
  
  
  
  
  
  
  
  
  
  
  
  
7RWDO  
$YHUDJH  
+RXVH & ORVVUDWHİ %XLOG\HDU 7\SH 6L]HFDWHJRU\P
   B 6' $B
   B 6' $B
   B ' $B
   $IWHU 7 $B
   B 7 $B
   B 7 $B
   B 6' $B
   $IWHU 7 $B
   %HIRUH $ $B
   B 7 $B
   %HIRUH 7 $B
   B 7 $B
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


)LJ5HODWLRQEHWZHHQFDSDFLW\DQGVL]HRIWKHKRXVH
DSSURDFK 
)LJ5HODWLRQEHWZHHHQORVVUDWHDQGW\SHRIKRXVH
DERYHDSSURDFKEHORZDSSURDFK
7KHUHLVRQO\RQHKRXVHKROGLQWKHVPDOOHVWFDWHJRU\7KLVRQHKRXVHKDVDYHU\KLJKFDSDFLW\7KHPHDQYDOXHRI
WKHFDSDFLW\IRUWKHFDWHJRU\$BLWHPVLVZKLOHIRU$BLWHPVWKHYDOXHLV7KHDYHUDJH
YDOXHRIWKHFDSDFLW\RIWKHKRXVHVLQWKHODUJHVWFDWHJRU\$BLV
4.2. Relation between loss rate and type of the house 
%RWKDSSURDFKDQGDSSURDFKFDQEHXVHGWRGHWHUPLQHWKHUHODWLRQEHWZHHQWKHORVVUDWHİDQGWKHW\SHRIKRXVH
)LJVKRZVWKHGHULYHGORVVUDWHVIRUWKHGLIIHUHQWW\SHVRIKRXVHV,WFDQEHVHHQWKDWWKHDYHUDJHORVVUDWHFDOFXODWHG
YLD DSSURDFK  LV KLJKHU WKDQ WKH RQH FDOFXODWHG E\ DSSURDFK  $OVR LW LV YLVLEOH WKDW WKH UDQNLQJ LV GLIIHUHQW
&DOFXODWLQJWKHDYHUDJHVRIWKHORVVUDWHVSHUKRXVHW\SHOHDGVWRWKHIROORZLQJUHVXOWV7DEOH7KHRQO\LQVWDQFHRI
WKH W\SH ³DSDUWPHQW´ VFRUHV UHODWLYHO\ KLJK 7KH DYHUDJH RI WKH ³WHUUDFHG´ LV VOLJKWO\ ORZHU WKDQ WKH DYHUDJH RI
³VHPLBGHWDFKHG´7KLVLVLQOLQHZLWKWKHIDFWWKDWDWHUUDFHGKRXVHKDVDKLJKHUSHUFHQWDJHRIZDOOVZLWKFRQWDFWZLWK
WKHRXWVLGH


)LJ5HODWLRQEHWZHHQORVVUDWHDQGEXLOGLQJ\HDUDERYH
DSSURDFKEHORZDSSURDFK
)LJ$YHUDJHRIORVVUDWHIRUKRXVHVZKLFKEXLOGLQWKHVDPH
SHULRGRIWLPHDSSURDFK
$QRWKHUDVSHFWRIWKHW\SHRIKRXVHLVWKHEXLOGLQJ\HDU7KHVDPHDQDO\VLVKDVEHHQSHUIRUPHGDVIRUWKHEXLOGLQJ
W\SH)LJGHSLFWVUHODWLRQEHWZHHQFDOFXODWHGORVVUDWHVDQGEXLOGLQJ\HDU7KHUHLVQRFOHDUFRUUHODWLRQYLVLEOHIRU
DSSURDFK)RU DSSURDFK WKHQHZHUEXLOGLQJV VHHP WRKDYH ORZHU ORVV UDWHV:KHQ WKH DYHUDJH ORVV UDWHVSHU
FDWHJRU\DUHFDOFXODWHGWKLVEHFRPHVHYHQFOHDUHU)LJVKRZVWKHDYHUDJHRIORVVUDWHIRUGLIIHUHQWFDWHJRULHV([FHSW
IRURQHFDWHJRU\EDVHGRQRQHKRXVHLWKROGVWKDWQHZHUEXLOGLQJVKDYHORZHUORVVUDWHV
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